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[Title of the Document] Specification 

[Title of the Invention] DATA RECORDING EQUIPMENT AND 
CONTROLLER OF DATA RECORDING EQUIPMENT 
[Scope of Claims] 
5 [Claim 1] Data recording equipment for recording data 

by irradiating an optical disc with a laser beam and for 
interrupting the recording of data when detecting an 
external shock that hinders the recording of data or when 
predicting the occurrence of a buffer underrun error, the 

10 data recording equipment being characterized by: 

recording the data to the optical disc in synchronism 
with a count value of a counter; 

storing the count value of the counter immediately 
before interruption of the recording of data and irradiating 

15 a position on the optical disc, on which data prior to the 
data recorded immediately before the interruption is 
recorded, with the laser beam, and restarting the recording 
of data based on the stored count value while recognizing 
the position of data on the optical disc. 

20 [Claim 2] The data recording equipment according to 

claim 1, characterized in that the counter counts includes a 
first counter for counting units of a predetermined data 
amount, the predetermined data amount units each being 
obtained by dividing a minimum unit of a disc format 

25 including address information by a predetermined integer, 
and a second counter for counting bits of the data and 
initialized when the count value of the first counter 
reaches the minimum unit; and 

a storing means for storing at least the value of the 

30 first counter as the stored counter value and for storing a 
history of the initialization of the first counter and 
respective corresponding values; and 

wherein counting is performed prior to the restart of 
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the recording in correspondence with the position of the 
optical disc irradiated by the laser beam, and restarting of 
the recording using the stored count value and the counted 
count value after confirming that the stored value in the 
^ 5 memory device matches the position of the optical disc 
irradiated by the laser beam. 

[Claim 3] The data recording equipment according to 
claim 1, characterized in that the counter counts includes a 
first counter for counting units of a data amount ^ the data 

10 amount units each being obtained by dividing a minimum unit 
of a disc format including address information by a 
predetermined integer and initialized when the count value 
reaches the minimum unit, and a second counter for counting 
bits of the data and initialized when the count value of the 

15 first counter reaches the minimum unit; 

storing at least the count value of the first counter 
as the count value of the counter together with disc 
position information stored beforehand in the optical disc 
prior to the interruption of the recording; 

20 reproducing the disc position information from the 

laser irradiation position and performing counting with the 
counter in correspondence with the laser irradiation 
position before the recording is restarted, and restarting 
the recording based on the counted value of the counter and 

25 the stored count value after detecting that the reproduced 
disc position information matches the stored disc position 
information. 

[Claim 4] The data recording equipment according to any 
one of claims 1 to 3, characterized by: 
30 an encoder for encoding data provided from an external 

device, wherein the encoder performs encoding based on the 
count value of the counter. 

[Claim 5] The data recording equipment according to 
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claim 4, characterized by: 

a buffer for temporarily holding data input from an 
external device before providing the data to the encoder; 
storing an address in the buffer of the data provided 
5 to the encoder from the buffer immediately before the 

interruption, and permitting the restart of recording if the 
address stored in the buffer matches the address of data 
newly transferred to the encoder when data preceding the 
data stored therein during an interruption is provided to 
10 the encoder before the recording is restarted. 

[Claim 6] The data recording equipment according to 
claim 4 or 5, wherein the encoder performs EFM processing on 
data provided from an external device. 

[Claim 7] The data recording equipment according to any 
15 one of claims 1 to 6, wherein the recording is restarted 
from where the recording of data was interrupted. 

[Claim 8] The data recording equipment according to 
claim 7, wherein the recording is restarted from the head of 
an EFM frame where the recording was interrupted. 
20 [Claim 9] A data recording controller for irradiating 

an optical disc with a laser beam to record data and 
interrupting the recording of data when detecting an 
external shock that hinders the recording of data or when 
predicting the occurrence of a buffer underrun, the 
25 controller being characterized by: 

a counter for performing counting in synchronism with 
the recording of data to the optical disc; 

a memory for storing the count value of the counter 
when receiving a recording interruption command from an 
30 external device; and 

a restarting means for performing counting with the 
counter in correspondence with the laser irradiation 
position when irradiating the optical disc with the laser 



beam from a disc position that is in front of the data 
recorded immediately before the interruption by a 
predetermined data amount prior to the restart of the 
recording after the interruption, and restarting the data 
5 recording by comparing a newly counted count value with the 
count value stored in the memory. 

[Claim 10] The data recording controller according to 
claim 9, characterized by: 

a decoder for reading disc position information, which 
10 is recorded on the optical disc, from a reflection light of 
the laser beam; and 

a disc position information storing means for storing 
the disc position information read from the decoder when the 
recording interruption command is received from the external 
15 device; 

wherein the counter includes a first counter for 
counting units of a data amount, the data amount units each 
being obtained by dividing a minimum unit of a disc format 
including address information by a predetermined integer and 
20 initialized when the count value reaches the minimiam unit, 
and a second counter for counting bits of the data and 
initialized when the count value of the first counter 
reaches the minimum unit; and 

wherein the value stored in the counter is the count 
25 values of the first and second counters; and 

the restarting means restarts the recording of data 
when the newly counted count value matches the stored count 
value of the counter after confirming that newly read disc 
position information matches the value stored in the disc 
30 position information storing means. 

[Claim 11] The data recording controller according to 
claim 9, characterized by: 

a decoder for reading disc position information, which 



is recorded on the optical disc, from a reflection light of 
the laser beam; and 

a disc position information memory for storing the disc 
position information read from the decoder when a command 
5 for interrupting recording is received from an external 
device; 

wherein the counter includes a first counter for 
counting units of a data amount, the data amount units each 
being obtained by dividing a minimum unit of a disc format 

10 including address information by a predetermined integer and 
initialized when the count value reaches the minimum unit, 
and a second counter for counting bits of the data and 
initialized when the count value of the first counter 
reaches the minimum unit; 

15 wherein the value stored in the counter is the count 

value of the first counter; and 

the restarting means restarts the recording of data 
when the newly counted count value matches the stored count 
value of the counter after confirming that newly read disc 

20 position information matches the value stored in the disc 
position information storing means. 

[Claim 12] The data recording controller according to 
claim 11, characterized by: 

an encoder for encoding data and generating encoded 

25 data received from an external device and then outputting 
the encoded data in synchronism with the counter. 

[Claim 13] The data receding controller according to 
claim 12, wherein the encoder performs EFM processing on 
data received from an external device • 

30 [Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to data recording 
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equipment and a controller for data recording equipment. 
[0002] 

[Prior Art] 

An optical disc is Icnown as a recording medium tliat 
5 records data. A CD-R (Compact Disc-Recordable)^ wliicli is one 
type of optical disc, records data only once^ for example, 
in disc units or traclc units. The CD-R is widely used due to 
its superior cost efficiency per unit of data. 
[0003] 

10 A spiral pregroove, which is a guide groove^ is formed 

in the CD-R. The pregroove wobbles in a cyclic manner. 
Information, such as the position on the disc (i.e., 
absolute time) and the respective maker's specifications is 
written in correspondence with the wobbles. When data is 

15 recorded in the guide groove, an absolute time in pregroove 
(ATIP) address that shows the absolute time information on 
the optical disc is read from the pregroove- Data is then 
recorded while using the ATIP address to accurately 
ascertain the data recording position on the disc. 

20 [0004] 

A recording equipment that records data on a CD-R 
normally includes: 

an encoder for adding data position information to data 
input by an external device and for performing eight to 
25 fourteen (EFM) modulation; 

a recording laser drive circuit for emitting a laser 
beam on an optical disc in accoirdance with the data encoded 
by the encoder; 

a read laser drive circuit for emitting a laser beam, 
30 which is used to reproduce data, on an optical disc and 

reading an ATIP addresses to find the absolute time in the 
optical disc; and 

a decoder for reading an ATIP address by decoding a 



reflection of a laser beam. 
[0005] 

Data is recorded on the optical disc while reading ATIP 
addresses from the optical disc with the read laser drive 
5 circuit and the decoder. This records the data at 
predetermined positions on the optical disc. 
[0006] 

[Problem That the Invention is to Solve] 

There is a possibility of a shock being applied to the 

10 data recording equipment when data is being recorded on the 
optical disc. This may momentarily change the disc position 
irradiated by the laser beam. As a result, recording 
positions may be skipped. When skipping occurs, a gap may be 
produced in the data recorded on the optical disc. In 

15 addition, the recording of data while reading ATIP addresses 
becomes difficult. 
[0007] 

This problem occurs not only when a shock is applied to 
the data recording equipment but also when the recording of 
20 data is automatically interrupted to avoid a buffer underrun 

error . 
[0008] 

Further^ equipments that record data on other types of 
optical discs, such as a compact disc-rewritable (CD-RW), 
25 and equipments that record data on a magneto-optic disc (MO) 
or a mini disc (MD) may have the same problem. In this 
specification, optical discs include magneto-optic discs 
unless otherwise specified. 
[0009] 

30 Accordingly, it is an object of the present invention 

to provide data recording equipment and a controller of a 
data recording equipment that accurately restarts the 
writing of data to an optical disc after a data recording 
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interruption. 
[0010] 

[Means for Solving the Problem] 

The means for solving the above problem and its 
5 advantages will now be described. 

The gist of the invention of claim 1 is data recording 
equipment for recording data by irradiating an optical disc 
with a laser beam and for interrupting the recording of data 
when detecting an external shock that hinders the recording 

10 of data or when predicting the occurrence of a buffer 

underrun error. The data recording equipment records the 
data to the optical disc in synchronism with a count value 
of a counter, and stores the count value of the counter 
immediately before interruption of the recording of data and 

15 irradiating a position on the optical disc, on which data 
prior to the data recorded immediately before the 
interruption is recorded, with the laser beam, and 
restarting the recording of data based on the stored count 
value while recognizing the position of data on the optical 

20 disc. 
[0011] 

In the above configuration, after interruption of data 
recording, from a position prior by a predetermined amount 
of data to the position where the laser beam was irradiated 

25 during interruption, the alignment of the position where 

data was recorded by the irradiation of the laser beam with 
the position where data is to be recorded is accurately 
performed. Accordingly, the above configuration accurately 
records data to an optical disc after interruption of the 

30 data recording operation, 
[0012] 

The gist of the invention of claim 2 is in the data 
recording equipment according to claim 1, the counter counts 

10 



includes a first counter for counting units of a 
predetermined data amount, the predetermined data amount 
units each being obtained by dividing a minimum unit of a 
disc format including address information by a predetermined 
5 integer, and a second counter for counting bits of the data 
and initialized when the count value of the first counter 
reaches the minimum unit. A storing means for storing at 
least the value of the first counter as the stored counter 
value and for storing a history of the initialization of the 

10 first counter and respective corresponding values. Counting 
is performed prior to the restart of the recording in 
correspondence with the position of the optical disc 
irradiated by the laser beam, restarting of the recording is 
performed using the stored count value and the counted count 

15 value after confirming that the stored value in the memory 
device matches the position of the optical disc irradiated 
by the laser beam. 
[0013] 

In the above configuration, during interruption of the 
20 recording, at least one of the initialization history and 

the corresponding value of the first counter is stored so as 
to recognize address information which is a unit that cannot 
be recognized from the count value of the counter. Prior the 
restarting of recording, the counting of the counter is 
25 restarted from the laser irradiation position. Under such 
circumstances, when the stored value of the storing means 
and the laser irradiation position match, the data recording 
equipment performs tracing up to the address position of the 
recording position during interruption. Accordingly, after 
30 confirming the matching, the recording is restarted in an 
optimal manner based on the stored count value and the 
counted value of the counter. 
[0014] 



The gist of the invention of claim 3 is in the data 
recording equipment according to claim 1, the counter counts 
includes a first counter for counting units of a data 
amount, the data amount units each being obtained by 
5 dividing a minimum unit of a disc format including address 
information by a predetermined integer and initialized when 
the count value reaches the minimum unit, and a second 
counter for counting bits of the data and initialized when 
the count value of the first counter reaches the minimum 

10 unit. At least the count value of the first counter is 

stored as the count value of the counter together with disc 
position information stored beforehand in the optical disc 
prior to the interruption of the recording. The disc 
position information is reproduced from the laser 

15 irradiation position and counting is performed with the 
counter in correspondence with the laser irradiation 
position before the recording is restarted, and restarting 
of the recording is perfomed based on the counted value of 
the counter and the stored count value after detecting that 

20 the reproduced disc position information matches the stored 
disc position information. 
[0014] 

In the above configuration, the disc position 
information is recorded during recording interruption so as 

25 to enable recognition of address information in units that 
cannot be recognized from the stored count value of the 
counter. Prior to the restarting of the recording, the disc 
position information is read from the laser irradiation 
position and counting with the counter is restarted from the 

30 laser irradiation position. Under such circumstances, when 
the reproduced disc information and the stored disc position 
information are matched, the data recording equipment uses 
the laser irradiation position on the optical disc as the 
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address potion of the recording position during 
interruption. Accordingly, after confirmation of the 
matching, the recording is restarted in a preferable manner 
based on the stored count value and the counted value of the 
5 counter. 
[0016] 

The gist of the invention of claim 4 is in the data 
recording equipment according to any one of claims 1 to 3, 
an encoder for encoding data provided from an external 
10 device is further included. The encoder performs encoding 
based on the count value of the counter. 
[0017] 

The gist of the invention of claim 5 is in the data 
recording equipment according to claim 4, a buffer for 

15 temporarily holding data input from an external device 
before providing the data to the encoder is further 
included. An address is stored in the buffer of the data 
provided to the encoder from the buffer immediately before 
the interruption, and the restart of recording is permitted 

20 if the address stored in the buffer matches the address of 
data newly transferred to the encoder when data preceding 
the data stored therein during an interruption is provided 
to the encoder before the recording is restarted. 

In the above configuration, in the data recording 

25 equipment including the encoder, the encoding of data with 
the encoder is performed in a preferable manner since data 
received from ah external device is temporarily stored in 
the buffer. Further, in the above configuration, the address 
in the buffer of the data output from the buffer to the 

30 encoder immediately before interruption is stored, and 
recording restarting Is enabled when the stored value 
matches the address of the data output from the buffer. 
Thus, recording restarting is performed in an optimal 
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manner, 
[0019] 

The gist of the invention of claim 6 is in the data 
recording equipment according to claim 4 or 5, the encoder 
5 performs EFM processing on data provided from an external 
device. 

[0020] 

The gist of the invention of claim 7 is in the data 
recording equipment according to any one of claims 1 to 6, 
10 the recording is restarted from where the recording of data 
was interrupted. 
[0021] 

Thus, for a medium in which data is recordable only 
once, such as a CD-R, the data recorded immediately before 
15 an interruption may be continuously connected with data 
recorded when restarting recording. 
[0022] 

The gist of the invention of claim 8 is in the data 
recording equipment according to claim 7, wherein the 
20 recording is restarted from the head of an EFM frame where 
the recording was interrupted. 
[0023] 

This facilitates the adjustment of the recording 
restarting timing. 

25 The gist of the invention of claim 9 is a data 

recording controller for irradiating an optical disc with a 
laser beam to record data and interrupting the recording of 
data when detecting an external shock that hinders the 
recording of data or when predicting the occurrence of a 

30 buffer underrun. A counter performs counting in synchronism 
with the recording of data to the optical disc. A memory 
stores the count value of the counter when receiving a 
recording interruption command from an external device. A 

14 
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restarting means performs counting with the counter in 
correspondence with the laser irradiation position when 
irradiating the optical disc with the laser beam from a disc 
position that is in front of the data recorded immediately 
5 before the interruption by a predetermined data amount prior 
to the restart of the recording after the interruption, and 
restarting the data recording by comparing a newly counted 
count value with the count value stored in the memory. 
In the above configuration, the count value of the 

10 counter is recorded when a command for interrupting data 

recording is received from an external device* Prior to the 
data recording, when the optical disc is irradiated by the 
laser beam from a disc position that is prior by a 
predetermined amount of data to the data recorded 

15 immediately before the interruption, the counting with the 
counter is restarted with the counter in correspondence with 
the laser beam irradiation position. Under such a 
circumstance, the counted value of the counter and the count 
value stored in the memory are compared to accurately 

20 restart data recording. 
[0025] 

The gist of the invention of claim 10 is in the data 
recording controller according to claim 9 including a 
decoder for reading disc position information, which is 

25 recorded on the optical disc, from a reflection light of the 
laser beam, and a disc position information storing means 
for storing the disc position information read from the 
decoder when the recording interruption command is received 
from the external device. The counter includes a first 

30 counter for counting units of a data amount, the data amount 
units each being obtained by dividing a minimum unit of a 
disc format including address information by a predetermined 
integer and initialized when the count value reaches the 



minimum unit, and a second counter for counting bits of the 
data and initialized when the count value of the first 
counter reaches the minimum unit. The value stored in the 
counter is the count values of the first and second 
5 counters. The restarting means restarts the recording of 
data when the newly counted count value matches the stored 
count value of the counter after confirming that newly read 
disc position information matches the value stored in the 
disc position information storing means* 

10 In the above configuration, the restarting means 

confirms that newly read disc position information matches 
the value stored in the disc position information storing 
means. When this confirmation is performed, the head of the 
data of the minimum unit to which the laser irradiation 

15 position during interruption belongs is irradiated with the 
. laser beam. Accordingly, after the confirmation, the 
recording is restarted in an optimal manner after the 
confirmation based on the count value newly counted by the 
counter matching the stored count value of the counter. 

20 [0027] 

The gist of the invention of claim 11 is in the data 
recording controller according to claim 9 including a 
decoder for reading disc position information, which is 
recorded on the optical disc, from a reflection light of the 

25 laser beam, and a disc position information memory for 

storing the disc position information read from the decoder 
when a command for interrupting recording is received from 
an external device. The counter includes a first counter for 
counting units of a data amount, the data amount units each 

30 being obtained by dividing a minimum unit of a disc format 
including address information by a predetermined integer and 
initialized when the count value reaches the minimum unit, 
and a second counter for counting bits of the data and 
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initialized when the count value of the first counter 
reaches the minimum unit. The value stored in the counter is 
the count value of the first counter. The restarting means 
restarts the recording of data when the newly counted count 
5 value matches the stored count value of the counter after 
confirming that newly read disc position information matches 
the value stored in the disc position information storing 
means . 
[0028] 

10 In the above configuration, the restarting means first 

confirms matching of the optical disc position information 
that is newly read with the stored value in the optical disc 
position information storing means. When this confirmation 
is performed, the head of the data of the minimum unit to 

15 which the layer irradiation position during interruption 

belongs is irradiated with a laser beam. Accordingly, after 
the confirmation, the recording is restarted in an optimal 
manner after the confirmation based on the count value newly 
counted by the counter matching the stored count value of 

20 the counter. 
[0029] 

The gist of the invention of claim 12 is in the data 
recording controller according to claim 11 including an 
encoder for encoding data and generating encoded data 
25 received from an external device and then outputting the 
encoded data in synchronism with the counter. 
[0030] 

The gist of the invention of claim 13 is in the data 
receding controller according to claim 12, the encoder 
30 performs EFM processing on data received from an external 
device. 
[0031] 

[Embodiment of the Invention] 
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[First Embodiment] 

Data recording equipment and a data recording 
controller according to a first embodiment of the present 
invention and applied to CD-R data recording equipment and 
5 data recording controller will now be described with 
reference to the drawings. Fig. 1 is a schematic block 
diagram of data recording equipment according to a first 
embodiment of the present invention. 
[0032] 

10 An optical disc 1, or recording medium of the data 

recording equipment, is a CD-R disc to which data is written 

(recorded) only once. A spiral pregroove, which functions as 
a guide groove, is formed in the optical disc 1. 

[0033] 

15 The pregroove wobbles on the optical disc. Information, 

such as the absolute time (ATIP) or the specification of the 
disc, is written in the pregroove in correspondence with the 
wobbles. When data is recorded on the optical disc 1, the 
absolute time information is extracted, and the desired data 

20 is recorded at a predetermined position of the pregroove 
based on the absolute time information. 
[0034] 

A laser beam is emitted into the guide groove 
(recording layer) in accordance with the recorded data. When 

25 the laser beam has a high output, the laser beam forms a 
recording bit. When the laser beam has a low output, the 
laser beam forms a land instead of a recording pit. The 
formation of a recording pit is indicated by binary digital 
data. When a laser beam having a low output to reproduce 

30 data is emitted to the recording layer, the reflectance of 
the laser beam differs depending on whether or not a 
recording pit is formed. Data recorded on the recording 
layer is reproduced in accordance with the reflectance. 



[0035] 

More specifically, data (sector data) having the same 
format as a compact disc-read only memory (CD-ROM) is 
recorded on the optical disc 1. Referring to Fig. 2A, a 
5 sector of data includes 57,624 bits of data, A synchronizing 
signal, or the like, is added to the recorded data. Further, 
the recorded data undergoes an EFM process or a Cross- 
Interleaved Reed=Solomon Code (CIRC) process. The sector 
includes 98 frames. 
10 [0036] 

Referring to Fig. 2B, a single frame has 588 bits of 
data and includes a synch pattern and a sub-code in addition 
to the recorded data (user data) . The sub-code has 14 bits 
of data. The sub-codes of the first two frames include sub- 

15 code synchronizing signals SO, SI, respectively. Among the 
. 98 frames, the sub-codes of 80 frames include P, Q, R, S, T, 
0, V, and W channel data. Among the channel data, the Q 
channel data includes time information of a sector on a 
track. 

20 [0037] 

Data, which has the above format, is recorded on the 
recording layer by emitting a laser beam. When the recorded 
data is reproduced, data is read in the same manner as when 
the data of a CD-ROM is reproduced. More specifically, the 
25 data recording equipment decodes the sub-codes to acquire 
the time information of data on the optical disc while 
reading data. 
[0038] 

The data recording equipment, which records data based 
30 on recording data from an external device will now be 
discussed. 
[0039] 

The data recording equipment includes a buffer memory 
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10, an encoder 20 for reading data from the buffer memory 10 
and encoding the data, a laser drive circuit 30 for 
generating a drive signal corresponding to the encoded data, 
and an optical head for emitting a laser beam to the optical 
5 disc 1 in accordance with the drive signal • 
[0040] 

The buffer memory 10 includes, for example, an SDIIAM, 
which is a ring buffer. The encoder 20 sequentially reads 
data from the buffer memory 10 and encodes the data into 

10 sectors of data having the format of Figs. 2A and 2B- 

Referring to Fig. 3, the encoder 20 includes an encoding 
circuit 21, which encodes the read data. The encoder 20 also 
has an encoding control circuit 22, which controls the 
encoding performed by the encoding circuit 21. The encoding 

15 control circuit 22 controls encoding based on count values 
of a frame counter 25 and a bit counter 26. 
[0041] 

The frame counter 25 and the bit counter 26 perform 
counting in synchronism with a clock CLK. The frame counter 

20 25 is used to determine the frame of each sector in which 
the data provided to the laser drive circuit 30 is 
allocated. The bit counter 26 is used to determine the bit 
of each frame in which the data provided to the laser drive 
circuit 30 is allocated. 

25 [0042] 

A timing decoder 24 sends commands to the encoding 
circuit 21 to generate encoded data based on the counters 
25, 26. 

Referring to Fig. 4, the bit counter 26 includes a 0-48 
30 counter 26a, a L/R determination counter 26b, and a 0-5 

counter 26c. The encoding circuit 21 processes data based on 

the counters 26a, 26b, 26c. 

[0043] 



The data encoded by the encoder 20 is provided to the 
laser drive circuit 30 in data units of one bit. Based on 
each piece of data, the laser drive circuit 30 generates a 
high output drive signal, which forms a recording pit on the 
5 recording layer of the optical disc 1, or a low output drive 
signal to form a land on the recording layer. Further, the 
laser drive circuit 30 generates a reproduction drive signal 
to read data from the pregroove* 
[0044] 

10 Based on the drive signal generated by the laser drive 

circuit 30, the optical head 40 records data by emitting a 
laser beam having an output corresponding to the recorded 
data. 
[0045] 

15 A servo system of the data recording equipment used to 

emit a laser beam to a desired position on the optical disc 
1 will now be discussed. 

The servo system includes the optical head 40, which 
emits a laser beam to the optical disc 1 and receives the 

20 reflection of the laser beam, an RF amp 41 for generating 
binary digital data after amplifying the laser beam 
reflection, and a head servo 42 for controlling the optical 
head 40 based on the digital data of the RF amp 41. 
[0046] 

25 The optical head 40 includes a recording laser beam 

source, which selectively emits a high output laser beam and 
a low output laser beam on the recording layer of the 
optical disc 1 in accordance with the recording data^ and 
two reproduction laser beam sources for emitting a lower 

30 output laser beam on each side of the recording layer. When 
recording data, among the three laser beam sources, the 
single laser beam source having a switchable output emits a 
laser beam based on the drive signal generated by the laser 



drive circuit 30 in accordance with the recorded data. 
[0047] 

The optical head 40 further includes eight light 
receiving elements (A, B, C, E, F, H) , which receive 
5 laser beam reflections from the optical disc 1, as shown in 
Fig, 5. The light receiving elements A-D receive the 
reflections of the laser beam emitted to the recording layer 
by the recording laser beam source. The light receiving 
elements E, G receive reflections of the laser beam of one 

10 of the reproduction laser beams. The light receiving 

elements F, H receive reflections of the laser beam of the 
other reproduction laser beam. The light receiving elements 
E, F receive laser beam reflections from both sides of the 
recording layer. Wobble components are detected from the 

15 wobbled pregroove based on the reflection light receives by 
the light receiving elements E, F. The ATIP information is 
read from the detected wobble components. 
[0048] 

The RF amp 41 amplifies the reflection light (signal) 
20 received by the light receiving elements of the optical head 

40 and converts the signal to binary digital data. 

The head servo 42 receives the digital data from the RF 

amp 41. The head servo 42 performs focusing control, which 

focuses the laser beam on the recording layer of the optical 
25 disc 1 based on the digital signal, tracking control, which 

follows the track of the optical disc 1 with the laser beam, 

and sled feed control, which moves the optical head 40 in 

the radial direction of the optical disc 1. 

[0049] 

30 The servo system further includes a spindle motor 43, 

which rotates the optical disc 1, and a spindle servo 44, 
which controls the spindle motor 43 so that the optical disc 
1 rotates at a constant linear velocity. 
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[0050] 

The data recording equipment extracts data from the 
wobbles of the pregroove to control the rotating speed of 
the optical disc 1 at a constant linear velocity. 
5 [0051] 

Referring to Fig. 1, the data recording equipment 
includes a wobble decoder 50 to extract data from the 
wobbles - The wobble decoder 50 decodes a binary wobble 
signal, which was generated by the RF amp 41 based on the 

10 reflection light of the reproduction laser beam. The 

decoding is performed by extracting a basic wave component, 
which has a frequency of 22,05Hz at a standard rotating 
speed, and data from the wobble signal. Based on the wobble 
speed, the wobble decoder 50 generates a rotating control 

15 signal so that the optical disc 1 is rotated by the spindle 
motor 43 at a constant linear velocity. Based on the 
rotation control signal, the spindle servo 44 controls the 
spindle motor 43 so that the optical disc 1 rotates at a 
constant linear velocity. 

20 [0052] 

The wobble decoder 50 includes an ATIP demodulating 
circuit 51. The ATIP demodulating circuit 51 generates 
absolute time information (ATIP addresses) based on the 
wobble components. Accordingly, the data recording equipment 
25 refers to the ATIP addresses to synchronize data in sector 
units by recording data to the optical disc 1. 
[0053] 

An access control circuit 60 refers to the ATIP 
addresses when necessary. The access control circuit 60 
30 controls the head servo 42 based on the ATIP addresses and 
controls access to the optical disc 1. 
[0054] 

The data recording equipment controls the rotation of 
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the optical disc 1 at a constant linear velocity and records 
data at desired positions based on the ATIP addresses of the 
pregroove by using the pregroove formed in the optical disc 
1 when recording data. 
5 [0055] 

The data recording equipment performs data recording 
operations based on the clock CLK generated by a system 
clock generation circuit 70. The system clock generation 
circuit 70 generates the system clock at different timings 
10 when recording data and when reproducing data. During the 
recording of data, the system clock CLK is generated based 
on pulse signals generated by an oscillator 71. 
[0056] 

When an impact is applied to the data recording 
15 equipment, the laser irradiation position of the optical 
disc 1 is greatly displaced in a non-successive manner 
thereby causing skipping. In such a case, there is a 
possibility that subsequent recording of data to the optical 
disc 1 will not be accurately performed. 
20 [0057] 

Accordingly, in this embodiment, the recording of data 
is automatically interrupted when determining that there is 
a possibility of skipping. After the recording of data is 
interrupted, the recording of data is restarted from the 

25 data following the data recorded immediately before the 
interruption. More specifically, the address of the 
recording data when an interruption occurs is held. When the 
recording restarts, the position on the optical disc 1 to 
which the laser beam is emitted is moved back by a distance 

30 corresponding to a predetermined amount of data. The laser 
beam is then emitted to the optical disc at a position on 
which data has already been recorded. In other words, the 
data recorded on the disc 1 is traced. The tracing reads the 



24 



position information of data recorded on the optical disc 1. 
Thus, the data recording equipment restarts data recording 
when the position irradiated by the laser beam reaches the 
position in which data was recorded immediately before the 
5 interruption. 
[0058] 

More specifically, when performing the tracing, the 
data recording equipment reads the synchronizing signals of 
the sub codes from the data recorded on the optical disc 1 

10 and synchronizes the operation of the encoder with the 
synchronizing signal of the read sub codes. Then, the 
recording equipment reads the Q channel data from the data 
recorded on the optical disc and restarts the transfer of 
data from the buffer memory 10 to the encoder 20. The 

15 recording equipment synchronizes the Q-channel data with the 
data provided to the laser drive circuit 30 from the encoder 
20. 

[0059] 

When the transfer of data from the buffer memory 10 to 
20 the encoder is restarted during the tracing period, the data 
transferred goes back by a predetermined amount in 
accordance with the tracing. During the tracing period, the 
address of the data transferred immediately before the 
interruption is matched with the address of the data 
25 transferred from the buffer memory 10 to the encoder 20 when 
the data recording starts. To match the addresses, the 
address of the data transferred from the buffer memory 10 
immediately before the interruption is held. 
[0060] 

30 During the tracing period, a pit clock is generated 

from the reflection light of the low output reproduction 
laser beam to synchronize the synchronizing signals of the 
sub signals or the Q channel data. A reproduction clock is 



generated based on the pit clock. The reproduction clock is 
used as a system clock CLK. The system clock CLK is provided 
to, for example, the encoder 20 and the laser drive circuit 
30. 
5 [0061] 

Subsequent to the tracing, the recording of data is 
restarted when the positing to which the laser beam is 
emitted reaches the position corresponding to the data 
recorded immediately before the interruption. The counter 

10 value of the encoder 20 and the ATIP addresses are used in 
the first embodiment as the address of the data 
corresponding to the laser beam output from the optical head 
40 immediately before the interruption. In other words, 
after aligning the sector units of the data format using the 

15 ATIP address, the bit units are aligned using the counter 
value of the encoder 20. When the address of the data 
provided to the laser drive circuit 30 from the encoder 20 
matches the data held during the interruption, the drive 
circuit 30 generates a drive signal corresponding to the 

20 data of the next address. Thus, the recording of data to the 
optical disc 1 is restarted in a continuous manner. 
[0062] 

The recording interruption control and recording 
restart control performed by the data recording equipment 
25 will now be discussed. 

The data recording equipment includes a decoder 80 and 
a signal synchronizing circuit 82 to synchronize the sub 
code of each sector data recorded on the optical disc 1 and 
the sub code of each sector data provided from the decoder 
30 80. 

[0063] 

The decoder 80 decodes the digital data provided from 
the RF amp 41. More specifically, the decoder 80 extracts 
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the pit clock from the digital data and separates the sub 
code. The decoder 80 extracts the synchronizing signal (SO 
and Sl^ indicated as sub code synchronizing in Fig. 1) of 
the sub code. The pit clock is provided to the system clock 
5 generation circuit 70. 
[0064] 

The decoder 80 includes a sub code demodulating circuit 
81. The sub code demodulating circuit 81 decodes the Q 
channel data {indicated as sub code in Fig. 1) from sub 
10 codes - 
[0065] 

The signal synchronizing circuit 82 synchronizes the 
synchronizing signal of the sub code of the decoder 8 0 with 
the synchronizing signal of the sub code of the encoder 20. 
15 Further, the signal synchronizing circuit 82 associates the 
Q channel data decided by the sub code demodulating circuit 
81 with the Q channel data of the encoder 20. 
[0066] 

Further, the signal synchronizing circuit 82 controls 
20 the switching of the system clock generation circuit 70. The 
system clock generation circuit 70 generates the system 
clock CLK based on the reference clock and the reproduction 
clock CLK. More specifically, the system clock generation 
circuit 70 generates the system clock CLK based on the 
25 reproduction clock from the pit clock. 
[0057] 

The data recording equipment includes a memory for 
storing each data address when the recording of data is 
interrupted and a comparison circuit for comparing each 
30 newly acquired data address with the address stored in the 
memory. 
[0068] 

More specifically, the data recording equipment 
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includes a disc address memory {disc position information 
memory) 90 and a comparison circuit 91, The disc address 
memory 90 stores the ATIP address provided from the ATIP 
demodulating circuit 51. During the tracing, the comparison 
5 circuit 91 compares the ATIP address provided from the ATIP 
demodulating circuit 51 with the ATIP address stored in the 
disc address memory 90. When the addresses match, the first 
comparison circuit generates the first reproduction signal 
RSI. The comparison circuit 91 matches the sector unit of 
10 the data recorded to the optical disc 1 before the 

interruption and the position of the optical disc 1 in which 
the laser beam is emitted when preparing the restart of data 
recording. 
[0069] 

15 The data recording equipment includes a buffer address 

memory 92 and a comparison circuit. 93. The buffer address 
memory 92 stores the address in the buffer memory 10 of the 
data read from the buffer memory 10 when recording is 
interrupted. During the tracing, the comparison circuit 93 

20 compares the address of the data newly read from the buffer 
memory 10 with the address stored in the buffer address 
memory 92. The comparison circuit 93 generates the restart 
signal when the addresses match. The comparison circuit 93 
synchronizes the sector unit of the data recorded on the 

25 optical disc 1 before the interruption with the sector unit 
of the data provided to the laser drive circuit 30 when 
preparing the restart of data recording. 
[0070] 

The data recording equipment further includes a retry 
30 determination circuit 94. The retry determination circuit 94 
acquires restart signals RSI, RS2 of the first and second of 
the first and second comparison circuits 91, 93 and 
generates a determination signal for retrying the tracing 
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when the first and second comparison circuits 91, 93 do not 

simultaneously generate the restart signals. 

[0071] 

In relation with the address of the data provided to 
5 the laser drive circuit 30 from the encoder 20, the data 

recording equipment includes a counter address memory* 95 and 
a comparison circuit 96. The counter address memory 95 
stores the values of the frame counter 25 and the bit 
counter 26 of Fig- 3, which are arranged in the encoder 20. 

10 More specifically, the counter memory 95 includes an address 
memory 95f for storing the value of the frame counter 25 and 
an address memory 95b for storing the value of the bit 
counter 26. The comparison circuit 96 compares the counted 
values of the counters 25 and 26 with the value stored in 

15 the counter address memory 95 when the sector units are 

synchronized. The comparison circuit 96 generates a restart 
signal when the values match. Accordingly, after the 
comparison circuit 91 and the comparison circuit 93 
synchronizes sector units, the comparison circuit 96 

20 synchronizes the bit units of the data recorded before the 
interruption and the data provided to the laser drive 
circuit 30. 
[0072] 

Further, the data recording equipment includes a shock 
25 detection circuit 100 for generating a shock detection 
signal when a shock is applied and an interrupting- 
restarting circuit 101 for interrupting recording based on 
the shock detection signal. 
[0073] 

30 The shock detection circuit 100 generates a shock 

detection signal when the position on the optical disc 1 
irradiated by the laser beam is significantly displaced and 
the shock detection circuit 100 thus determines that a shock 
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has been applied. The shock detection circuit 100 determines 
the position to which the laser beam is emitted from, for 
example, the reflection of the laser beam. 
[0074] 

5 When receiving the shock detection signal, the 

interrupting-restarting circuit 101 stops the operations of 
the encoder 20 and the laser drive circuit 30. This stops 
recording data. In addition to interrupting recording, the 
interrupting-restarting circuit 101 generates a signal for 

10 storing the ATIP address in the disc address memory 90 when 
the recording is interrupted. During a recording 
interruption, the interrupting-restarting circuit 101 
generates a signal for storing the address of the buffer 
memory 10 in the buffer address memory 92 and a signal for 

15 storing the address of the encoder 20 in the counter address 
memory 95. 
[0075] 

When restarting data recording, the interrupting- 
restarting circuit 101 performs the control described below 

20 if the retry determination circuit 94 determines that the 
address when data recording is interrupted (hereafter, 
referred to as interruption address) and the new address 
resulting from the tracing are simultaneously synchronized. 
The interrupting-restarting circuit 101 performs a control 

25 that permits the comparison circuit 96 to output the 

comparison result of the data address provided to the laser 
drive circuit 30 from the encoder 20 and the interruption 
address held by the counter address memory 95. When 
receiving from the comparison circuit 96 a comparison result 

30 indicating that the data address and the interruption 

address are matched, the interrupting-restarting circuit 101 
controls the laser drive circuit 30 to generate a drive 
signal corresponding to the data provided to the laser drive 



circuit 30 from the encoder 20. Further, in this state, the 
interrupting-restarting circuit 101 switches the system 
clock CLK generated by the system clock generation circuit 
70 to the reference clock. 
5 [0076] 

This restarts the recording of data from the piece of 
data following the data recorded to the optical disc 1 
immediately before the interruption so that data is recorded 
in a continuous manner, 

10 The data recording equipment further includes a 

recording control circuit 200. The recording control circuit 
200 controls the recording, interrupting, and restarting 
operations based on commands sent from a personal computer 
(not shown) . 

15 [0077] 

As shown in the broken lines of Fig.l, the data 
recording equipment includes a data recording controller 
400. The data recording controller 400 includes a control 
unit, the encoder 20, the laser drive circuit 30, the wobble 

20 decoder 50, the access control circuit 60, the system clock 
generation circuit 70, the decoder 80, the signal 
synchronizing circuit 82, and the address memories 90. The 
control unit includes the address memories 92, 95, the first 
to third comparison circuits 91, 93, 96, the retry 

25 determination circuit 94, and the interrupting-restarting 
circuit 101. In the first embodiment, the data recording 
controller 400 is incorporated in a single chip integrated 
circuit (IC) . The recording control circuit 200 is 
externally connected to the IC and communicates data with 

30 the IC. 
[0078] 

The restart of the recording operation of the data 
recording equipment will now be discussed. 



When the data recording equipment receives a command 
for performing recording from the personal computer (not 
shown) / the recording control circuit 200 generates a 
control signal for recording data. Based on the control 
5 signal, the signal synchronizing circuit 82 switches the 
system clock CLK to the reference clock. 
[0079] 

The data provided to the buffer memory 10 is 
temporarily stored and then transferred to the encoder 20, 

10 In the 'encoder 20, the bit counter 26 and the frame 

counter 25 perform counting (refer to Fig. 6A) based on the 
system clock CLK provided from the system clock generation 
circuit 70. The data transferred from the buffer memory 10 
is encoded based on the value of each counter. With 

15 reference to Fig. 6A, the value of the frame counter 25 is 
stored in the address memory 95f, and the value of the bit 
counter 26 is stored in the address memory 95b. 
[0080] 

The data encoded by the encoder 20 is provided to the 
20 laser drive circuit 30 bit by bit. The laser drive circuit 
30 generates a drive signal based on the data. Based on the 
drive signal, the optical head 40 emits the laser beam to 
the optical disc 1. 
[0081] 

25 During the recording, when a shock is applied to the 

data recording equipment, the shock detection circuit 100 
generates a shock detection signal DS and sends the shock 
detection signal DS to the interrupting-restarting circuit 
101. Based on the shock detection signal DS, the 

30 interrupting-restarting circuit 101 generates the 

interruption signal BS and provides the interruption signal 
BS to the address memories 90, 92, 95, the encoder 20, and 
the laser drive circuit 30. 



[0082] 

The address memories 90 , 92, 95 hold the input 
addresses when receiving the interruption signal BS. The 
buffer address memory 92 holds the address in the buffer 
5 memory 10 of the final piece of data read from the buffer 
memory 10. The disc address memory 90 holds the final ATIP 
address received from the ATIP demodulating circuit 51. The 
address memory 95 f of the counter address memory 95 holds 
the count value of the frame counter 95f . The address memory 
10 95b holds the count value of the bit counter 26. 
[0083] 

Based on the interruption signal BS, the encoder 20 
stops providing data to the laser drive circuit 30, and the 
laser drive circuit 30 stops generating the recording drive 
15 signal. Accordingly, the optical head 40 stops emitting the 
laser beam to the optical disc 1, and the data recording 
equipment interrupts the recording of data. 
[0084] 

After the data recording equipment interrupts data 
20 recording, when the data recording equipment receives a 
recording restart command from the personal computer, the 
data recording equipment provides the recording control 
circuit 200 with the recording restart command- In response 
to the recording restart command, the data recording 
25 equipment performs tracing to restart data recording. 
[0085] 

Based on the control of the access control circuit 60, 
the head servo 42 controls the optical head 40. Based on the 
control of the head servo 42, the optical head 40 emits a 
30 laser beam to a position corresponding to an address that 
goes baclc by a predetermined amount from the position 
(absolute time) irradiated by the laser beam immediately 
before the interruption. 
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[0086] 

In this state, the reproduction laser beam source emits 
a laser beam, and the recording-reproducing laser beam 
source emits a laser beam having a low output • Based on the 
5 control of the interrupting-restarting circuit 101, the 
laser drive circuit 30 generates a drive signal having a 
constant low voltage. In response to the low voltage drive 
signal, the data recorded to the optical disc 1 is 
reproduced. 
10 [0087] 

The RF amp 41 receives the reproduced data via the 
optical head 40 and converts the reproduced data to digital 
data. The decoder 80 decodes the digital data and extracts 
the pit clock, the synchronizing signal of the sub code, and 
15 the Q channel data. The system clock generation circuit 70 
is provided with the pit clock. 
[0088] 

When data recording is restarted, the system clock 
generation circuit 70 receives a command from the signal 
20 synchronizing circuit 82 that instructs the use of the 

reproduction clock as the system clock CLK, Thus, the system 
clock generation circuit 70 generates the reproduction clock 
based on the pit clock. 
[0089] 

25 The sub code synchronizing signal extracted by the 

decoder 80 is provided to the signal synchronizing circuit 
82. The signal synchronizing circuit 82 synchronizes the 
extracted sub code synchronizing signal of the decoder 80 
with the sub code synchronizing signal of the encoder 20. In 

30 other words, the signal synchronizing circuit 82 synchronies 
the operation of the encoder 20 with the sub code 
synchronizing signal of the data recorded on the optical 
disc 1. 



[0090] 

The encoder 20 then restarts the reading of data stored 
in the buffer memory from a predetermined address. The 
predetermined address is obtained by going back by a 
5 predetermined number of sectors of data from the address in 
the buffer memory 10 of the data transferred from the buffer 
memory 10 when the recording is interrupted. The encoder 20 
encodes the data that is read again. 
[0091] 

10 The signal synchronizing circuit 82 synchronizes the Q 

channel data of the encoded data with the Q channel data of 
the data read by the decoder 80. As a result, the Q channel 
data recorded on the optical disc 1 and read during tracing 
matches the Q channel data output from the encoder 20 to the 

15 laser drive circuit 30. 
[0092] 

The comparison circuit 91 compares the address decoded 
by the ATIP demodulating circuit 51 with the ATIP address 
held by the disc address memory 90, When the decoding 
20 address and the held address match, the comparison circuit 
91 generates a restart signal and provides the retry 
determination circuit 94 with the restart signal. 
[0093] 

The comparison circuit 93 compares the address 
25 transferred from the buffer memory 10 to the encoder 20 with 
the address held by the counter address memory 95. When the 
transferred address and the held address match, the 
comparison circuit 93 generates the restart signal and 
provides the restart signal to the retry determination 
30 circuit 94. 
[0094] 

When the retry determination circuit 94 does not 
receive the restart signals simultaneously from the 
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comparison circuits 91 and 93, the retry determination 
circuit 94 provides the recording control circuit 200 with a 
signal for retrying the synchronization. 
[0095] 

5 When the retry determination circuit 94 simultaneously 

receives the restart signals from the comparison circuits 91 
and 93, the retry determination circuit 94 generates a 
restart signal and provides the interrupting-restarting 
circuit 101 with the restart signal. In response to the 
10 restart signal, the interrupting-restarting circuit 101 
permits the output of the comparison circuit 96. 
[0096] 

In this state, the reproduction low output laser beam 
output from the optical head 40 irradiates the head of the 

15 sector to which the data recorded immediately before the 

interruption belongs. Referring to Fig. 6B, the comparison 
circuit 96 compares the addresses held by the address memory 
95f and the address memory 95b of the counter address memory 
95 with the count values of the frame counter 25 and the bit 

20 counter 26. 
[0097] 

At time T, the count values of the frame counter 25 and 
the bit counter 26 respectively corresponds to the addresses 
held by the address memory 95a and the address memory 95b. 
25 In response to the restart signal, the interrupting- 
restarting circuit 101 controls the laser drive circuit 30 
to output a laser beam corresponding to the data following 
the data of the address held by the counter address memory 
95. 

30 [0098] 

Thus, the recording of data to the optical disc 1 is 
restarted so that the interrupted data and the following 
data are continuous. 



The data recording equipment of this embodiment has the 
advantages discussed below. 
[0099] 

(1) When the interrupting-restarting circuit 101 
5 interrupts the recording of data to the optical disc 1, the 
frame counter 25 and the bit counter 26 of the encoder 20 
holds the address of the data recorded immediately before 
the interruption and the disc address memory 90 holds the 
ATIP address on the optical disc 1 immediately before the 

10 interruption. The comparison circuit 91 compares the held 
address ATIP address and the new address obtained through 
tracing to detect the matching of the held address and the 
new address. Thus, sector units are matched when the 
recording of data is restarted. Further / with regard to the 

15 counter values of the encoder 20, the comparison circuit 96 
compares the held value and the value newly obtained during 
the tracing period to optimally restart data recording in 
bit units after the interruption. 
[0100] 

20 (2) When the retry determination circuit 94 does not 

simultaneously receive the restart signal and the restart 
signal, the retry determination circuit 94 generates a 
signal for retrying the synchronization. This avoids restart 
errors and restarts data recording subsequent to an 

25 interruption more optimally. 
[0101] 

[Second Embodiment] 

Data recording equipment and a data recording 
controller according to a second embodiment of the present 
30 invention and applied to CD-RW data recording equipment and 
data recording controller will now be described with 
reference to the drawings focusing on points differing from 
the first embodiment. 
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[0102] " 

The data recording equipment of the second embodiment 
performs recording and automatic recording interruption when 
detecting a shock in the same manner as the first 
5 embodiment. However, this embodiment starts the recording of 
data from the head of the frame to which the data recorded 
when an interruption occurred belongs. That is, the data 
recording equipment restarts the recording of data to the 
optical disc from the sync pattern located at the head of a 
10 frame (Fig. 2B) . 
[0103] 

The CD-RW records new data while deleting the data 
recorded on the optical disc 1- The data recording equipment 
is meritorious in that it easily synchronizes data when 
15 restarting recording since the recording is restarted from 
the head of a frame. 
[0104] 

The data recording equipment of the present invention 
is configured in a manner similar to that shown in Fig. 1. 
20 However, among the counters in the encoder 20 of Fig. 1, the 
counter stored in the address memory during interruption 
differs from that of the first embodiment. 
[0105] 

In the data recording equipment, only the count value 
25 of the frame counter 25 in the encoder 20A is provided to 
the counter address memory 95. When recording is 
interrupted, the counter address memory 95 holds the count 
value of the frame counter 25. When recording is restarted 
after the interruption, the data recording equipment 
30 restarts recording when the address of the interrupted frame 
matches the address of the frame counter 25, which is 
counted by the encoder 20. As a result, recording is 
restarted from the head of the frame that was recorded when 
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the interruption occurred. 
[0106] 

The restart of recording in the data recording 
equipment will now be discussed with reference to Fig. 8.. 
5 In the same manner as in the first embodiment, based on 

the counting performed by the frame counter 25 and the bit 
counter 26, the data recording equipment encodes data and 
provides the encoded data to the laser drive circuit 30. In 
this state, the count value of the frame counter 25 is 
10 provided to the address memory 95f . 
[0107] 

The shock detection circuit 100 generates the shock 
detection signal DS when the data recording equipment 
detects a shock that is applied to the data recording 

15 equipment. Then, the shock detection circuit 100 provides 

the shock detection signal DS to. the interrupting--restarting 
circuit 101. The interrupting-restarting circuit 101 
generates the interruption signal BS based on the shock 
detection signal DS and provides the interruption signal BS 

20 to the address memories 90, 92, 95, the encoder 20, and the 
laser drive circuit 30 (refer to Fig. 1) . 
[0108] 

The address memories 90, 92, 95 each hold the provided 
address when receiving the interruption signal BS. The 
25 counter address memory 95 holds the count value of the frame 
counter reference of Fig. 7 (refer to Fig. 8A) . 
[0109] 

In the same manner as in the first embodiment, the 
encoder 20 stops providing data to the laser drive circuit 
30 30 based on the interruption signal BS, The laser drive 
circuit 30 interrupts the generation of a recording drive 
signal based on the interruption signal BS. Thus, the 
emission of the laser beam to the optical disc 1 is stopped 



and recording is interrupted • 
[0110] 

When the recording is restarted, the laser beam is 
emitted to a position corresponding to an address that goes 
5 back by a predetermined amount from a position on the 
optical disc (absolute time) at which the laser beam was 
emitted immediately before the interruption. The optical 
head 4 0 emits a laser beam having a low output from the 
recording-reproducing laser beam source and reproduces the 
10 data recorded on the optical disc 1. The signal 

synchronizing circuit 82 synchronizes the sub code of the 
reproduced data with the sub code of the data provided to 
the laser drive circuit 30 from the encoder 20. 
[0111] 

15 When the retry determination circuit 94 simultaneously 

receives the restart signal and the restart signal from the 
first and second comparison circuits 91, 93, the retry 
determination circuit generates the restart signal and 
provides the restart signal to the interrupting-restarting 

20 circuit 101. 
[0112] 

The interrupting-restarting circuit 101 permits the 
output of the comparison circuit 96 based on the restart 
signal. In this state, the reproduction low output laser 
25 beam output from the optical head 40 irradiates the head of 
the sector to which data was recorded immediately before the 
interruption in the same manner as in the first embodiment. 
[0113] 

Referring to Fig. 8B, the comparison circuit 96 
30 compares the address held by the address memory 95f of the 
counter address memory 95 and the count value of the frame 
counter 25- 
[0114] 
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At time T in Fig. 8B, the count value of the frame 
counter 25 matches the address held by the address memory 
95f. In this state, the comparison circuit 96 generates the 
restart signal and provides the restart signal to the 
5 interrupting-restarting circuit 101. In response to the 
restart signal, the interrupting-restarting circuit 101 
restarts the recording of data from the head (more 
accurately, the data of the second bit from the head) of the 
frame having he address held by the address memory 95f . 
10 [0115] 

In addition to advantage (2) of the first embodiment, 
the data recording equipment of the second embodiment has 
the advantages discussed below. 

(3) The recording of data is restarted from the head of 
15 the frame where the recording of data was interrupted. Thus, 
the timing for restarting recording is easily obtained. 
[0116] 

The second embodiment may be modified as follows. 

The data recording equipment of the second embodiment 
20 is applied to a CD-RW but may also be applied to a CD-R. 
With the advantage in that the recording restarting is 
facilitated, recording may be restarted from the head of a 
frame . 
[0117] 

25 In the second embodiment, when recording is 

interrupted, the counter address memory 95 may hold a value 
obtained by subtracting a value of 1 from the count value of 
the frame counter 25, and the count value of the bit counter 
26 may be held as 586. In this case, during the tracing 

30 period, after sector units are synchronized, the count 

values of the frame counter 25 and the bit counter 26 are 
compared with the held value. If recording is restarted when 
the count values and the held value match, recording 



restarts from the head (first bit) of the frame. 

Further, when the counter address memory 95 receives an 
address (count value) from the frame counter 25 and the bit 
counter 26, the address may be delayed by one bit. 
5. [0118] 

Elements that may be modified in each of the above 
embodiments are as described below. 

The shock detection circuit 100 may generate the 
detection signal DS using an acceleration sensor or a 
10 vibration detecting sensor. 
[0119] 

After the retry determination circuit 94 generates the 
restart signal and immediately before recording is 
restarted, the signal synchronizing circuit 82 may further 
15 compare the data address generated by the encoder 20 and the 
data address provided from the decoder 80. If the two 
addresses do not match, an earlier process may be restarted 
again. 
[0120] 

20 That is, if the disc has a deficiency or if the servo 

is not stable when data is recorded, a disturbance may occur 
in the generation of pit clocks. In this state, a difference 
may occur between the pit clock and the data recorded on the 
disc. Accordingly, the comparison of the address data in the 

25 encoder 20 and the address data generated by the decoder 80 
iinmediately before recording is restarted prevents the 
restart of recording when a disturbance occurs in the 
generation of pit clocks. 
[0121] 

30 The retry determination circuit 94 may be eliminated. 

In this case, for example, the recording of data is 
restarted in response to simultaneous output of the restart 
signals from the comparison circuit 91 and the comparison 
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circuit 93 . 
[0122] 

When sector units, which are related with the position 
irradiated by the laser beam on the optical disc, are 
5 sufficiently synchronized by matching the held interruption 
ATIP address and the ATIP address obtained during the 
tracing period, the buffer address memory 92 and the 
comparison circuit 93 may be eliminated. In this case, 
recording is restarted in response to only the ATIP address • 
10 [0123] 

Instead of synchronizing the data recorded on the 
optical disc 1 during the tracing period with the data 
processed by the encoder 20, the ATIP address read during 
tracing may be synchronized with the data processed by the 
15 encoder 20- 
[0124] 

Instead of holding the interruption ATIP address, the 
history of initialization of the count value of the frame 
counter 25 may be held. In this case, recording is 
20 accurately restarted using the counters 25, 26 of the 

encoder 20 after confirming the matching of the count value 
of the counter during tracing and the held initialization 
history. 
[0125] 

25 When the recording is interrupted, the W channel data 

encoded by the encoder 20 and the counter value of the 
encoder 20 may be held. In this case, recording may be 
restarted using the counters 25, 26 in the encoder 20 after 
confirming that the Q-channel data obtained by the decoder 

30 80 during the tracing period matches the held Q channel 
data. 
[0126] 

The optical disc may be controlled to rotate at a 
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constant angular velocity. In this case, for example, a 
clock synchronized with wobbles is used as a data recording 
system clock. 
[0127] 

5 The application of the present invention is effective 

when recording is temporarily interrupted to avoid a buffer 
underrun error. 

The data recording equipment of the present invention 
may be applied to any kind of optical disc. 
10 [0128] 

Even if a data recording equipment does not have the 
encoder 20, which encodes data input from an external 
circuit/ the data recording equipment may be provided with a 
counter that is synchronized with a laser beam output in 
15 correspondence with data to store the address of the 

interrupted data and restart the recording of data based on 
the address. 

[Brief Description of The Drawings] 

Fig. 1 is a schematic block diagram of a data recording 
20 equipment according to a first embodiment of the present 
invention; 

Figs. 2A and 2B are diagrams showing the form of data 
encoded by the data recording equipment of Fig. 1/ 

Fig. 3 is a schematic block diagram of an encoder 
25 employed in the data recording equipment of Fig. 1; 

Fig. 4 is a schematic block diagram of a bit counter 
employed in the encoder of Fig. 3; 

Fig. 5 is a schematic diagram illustrating a laser beam 
received by an optical head employed in the data recording 
30 equipment of Fig. 1; 

Figs. 6A and 6B are time charts illustrating the 
reproduction of recorded data in the first embodiment; 

Fig. 7 is a schematic block diagram of an encoder 



44 



employed in a data recording equipment according to a second 

embodiment of the present invention; and 

Figs. 8A and 8B are time charts illustrating the 

reproduction of recorded data in the second embodiment • 
5 [Description of the Reference Numbers] 

1 ... optical disc, 10 ... buffer memory, 20 ... encoder, 21 

... encoding circuit, 22 ... encoding control circuit, 23 ... 

scramble counter, 24 ... timing decoder, 25 ... frame counter, 

26 ... bit counter, 30 ... laser drive circuit, 40 ... optical 
10 head, 41 ... RF amp, 42 ... head servo, 43 ... spindle motor, 44 ... 

spindle servo, 50 ... wobble decoder, 51 ... ATIP demodulator, 

60 ... access control circuit, 70 ... system clock generator, 71 

... oscillator, 80 ... decoder, 81 ... sub-code demodulating 

circuit, 82 ... signal synchronizing circuit, 92, 92, 95 ... 
15 address memories, 91, 93, 96 ... comparators, 94 ... retry 

detection circuit, 100 - shock detection circuit, 101 ... 

interrupting-restarting circuit, 200 ... recording control 

circuit 
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[Title of the Document] Abstract 
[Abstract] 

[Object] Providing data recording equipment for accurately 
restarting data writing to an optical disc after 
5 interruption of data recording • 

[Means for Solving tlie Problems] Data input to data 
recording equipment from an external device via a buffer 
memory 10 is encoded by an encoder 20* An optical head 40 
outputs a laser beam having an output that is in accordance 

10 with the encoded data. During the recording, when a shock is 
applied to the data recording equipment, a shock detection 
signal is input to an interruption/retry circuit 101 from a 
shock detection circuit 100. Based on the shock detection 
signal/ recording is interrupted by an interruption signal 

15 output from the interruption/retry circuit 101 and a counter 
value in an encoder 20 at that time is stored in an address 
memory 95. The restarting of recording is based on the value 
of the address memory 95. 
[Selected Drawing] Fig. 1 
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